INTRODUCTION
This work was undertaken in order to develop a sharp shock blast wave code. As a means of checking the present coding, Problem M, a blast wave calculation for an energy release of 13-5 KT carried out at Los Alamos around 19^5, was chosen as the comparison problem. The initial conditions of Problem M were used as the starting data for this code, thereby permitting each calculation cycle to be compared to those of Problem M. Such a comparison serves as a guide to determine if the present code is functioning properly, and if it is, serves also as a check on Problem M, for since the results of that problem have been used extensively, an independent comparative blast calculation is desirable.
The results from this problem differ somewhat from those of Problem M, since the calculations for the latter were carried out on slow, semiautomatic equipment, with a substantial portion of M done by hand on desk calculators. Thus approximations consistent with realistic calculation times were necessary. In addition, a new equation of state for 2 3 k air ' ' was used. Improvements in the numerical methods of Problem M were possible using the present day high speed, completely automatic computing machines.
The new equation of state data were in tabular form. Several exploratory attempts to find an analytic fit to these data indicated that a complex system of fits would undoubtedly be necessary. In general, since most analytic fits to equation of state data are poor except in limited regions, and since the range of thermodynamic variables in blast problems is quite extreme, it was thought that if this new equation of state were used completely in tabular form, it would be more useful and accurate than an extremely complex system of fits. Given the relative specific volume and the specific internal energy, this tabular equation of state determines the pressure by a double interpolation of the tabular entries, or symbolically, P = P(v/V Q ,E). The details of the equation of state are discussed in Section 9.
The method used to determine the isentropic changes within the fluid of the shocked sphere is given in Sections 2 and 3.
The Rankine-Hugoniot conditions at the shock boundary are determined by an iterative method which is discussed in Section k.
The addition of new fluid elements to the calculation is required as the shock discontinuity progresses further into the undisturbed fluid. This addition is considerably complicated by utilization 1^6 of a "sharp shock" calculation iJ> rather than a "smeared shock" calculation. 7>°>9 rjkg addition procedure is explained in Section 5, and other fluid element adding schemes which were tried are described in 
THE BASIC EQUATIONS AND BOUNDARY CONDITIONS
We consider the region of a fluid bounded by a shock front.
Within this bounded region the hydrodynamical state of the fluid is described by four equations: the equation of' continuity, the equation of motion, the conservation of energy in the form of the first law of thermodynamics, and the equation of state. Spherical symmetry is assumed, and the Lagrangian form of the equation of motion is used. In the Lagrangian formulation we are concerned with the properties of fluid elements, which are tagged or identified by their initial positions, and we follow these elements along in space and time observing the changes of their fluid properties. Thus, the radius, pressure, density, velocity, internal energy, and acceleration of each fluid element are functions of the element's initial position and the time, or R(r,t), P(r,t), p(r,t), v(r,t), E(r,t), and a(r,t). R is referred to as the Eulerian radius and r as the Lagrangian radius, that is, R is the physical position of a fluid element at time t, and r is that element's initial position. We require the changes of the fluid within the bounded volume to be
The equation of state is in tabular form. The table is arranged so that for a given relative specific volume and specific internal energy the pressure is determined by a double interpolation scheme or, symbolically,
See Section 9 for a more detailed discussion of the equation of state.
The above equations are valid behind the shock. At the shock, however, the equations of Rankine and Hugoniot are to be used. They are as follows:
* -P 0 = p 0 |u , (2.6)
The material velocity of the unshocked region, u~, is assumed to be zero, g is the shock velocity, u, the material velocity of the medium behind the shock, and \|r, the shock pressure.
There are two boundary conditions, one at the center of the disturbance, the other at the shock. They are as follows:
R(0,t) = 0 (for all t) (2.8) and R(i,t) = g (for all t), (2.9) where g is the Lagrangian radius of the shock front and is a function of time or g = g(t). Equations (2.5), (2.6), (2.7), and (2.9) are not independent,as can be readily verified.
INTEGRATION OF THE BASIC EQUATIONS
The integration of the basic equations is carried out numeri- Now, having the new outer radius of the element at t = n and assuming that we have previously, in a similar manner, determined the inner radius at t = n, we are in a position to determine the volume of the element at time t = n.
Equations ( Assuming that we know all the above quantities except FT _i and E. JL.
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and have determined the volume of this element at time t = n-1, we can solve Equations (3) (4) (5) and (3.6) simultaneously by iteration.
We have demonstrated how a typical element is integrated from time t = n-1 to t = n; this process is carried out for each element starting from the center and working toward the shock front. The last 3 element, however, needs to be treated differently, as there is no Ar conveniently available. The acceleration is formed as follows:
The subscript I indicates the element adjacent to the shock. After carrying out the above scheme we have all the information required within the bounded region. We now determine the shock quantities.
k. DETERMINATION OF THE SHOCK QUANTITIES, OR THE SHOCK FITTING
The method used to determine the shock conditions is discussed Comparison of VY and V7 determines whether the iteration is comg I c £
pleted. If it is not, a new guess is carried out based on previous guesses.
When the "shock fitting" is completed, the integration of all the equations from time t = n-1 to time t = n has been completed. Integration from time t = n to time t = n+1, etc., is carried out by repeating the steps of Sections 3 and k. However, when the shock position | becomes greater than r T + Ar = r T ,, a new fluid element must be added to the calculation.
• ADDING A NEW FLUID ELEMENT
In order to add a fluid element, or mass point, one needs to obtain values of the pressure, volume, internal energy, velocity, and the radius at the appropriate Lagrangian radii and times, i.e., we need P,,i, VZ.i, E_,I, V_,?, and R_,,. Since the shock fitting is dependent We now know all the necessary quantities of the new mass point at t = t*;
however, in order that they will fit into the general differencing scheme it is necessary to advance them to their proper times. formed element to change isentropically from t = t* to t = t . We now have all the necessary quantities for the new point.
OTHER ELEMENT ADDING SCHEMES
Several other schemes were tried in order to add the new fluid element; however, that of Section 5-proved to be the most satisfactory in regards to smoothness of the P, V, E, v, and R profiles at the time of adding, and particularly in regards to the conservation of total energy.
The other methods are now briefly discussed. The determination of t* is the same for all the methods tried and is that described by Equation (5*1)• a. Use of the Shock Quantites at Times t and t n n-~ Equations (5.8) -(5.12) were used to determine R , v 2 , and V^_i with, however, the exception that a-, was used for a*. Having the shock quantities at the present * time t and at the previous * time t , the assumption is made that the internal energy of the new element at time t = t n is the average of these shock internal energies. Then P _i is The results proved to be poor, and changing the representative point brought little improvement. This scheme, though physically real, is not consistent with the differencing scheme. This is clear if one considers the region between the shock and the last mass point. This region is not carried (in this problem) in the regular advancing scheme until the new point is added, i.e., the differencing scheme of this small region considers that only the region possesses mass. The energy, pressure, etc., are ignored until the new mass point is added, and only then are the isentropic changes carried. Thus this method is not appropriate for our present differencing scheme.
Carrying the region between the shock and the last mass point as a regular mass point, that is, considering isentropic changes, would be advantageous; however, the special calculations involved make it cumbersome to handle such a calculation for the numerical integration.
c. v* Variation
Since it can be argued that one really needs an average velocity for the differencing scheme and not the bounding value, v* was varied in schemes a and b by utilizing various space weighting factors. Although this method was effective in changing the newly added values to adjust smoothly in specific cases, it was not possible to find a weighting scheme which would be satisfactory for all cases.
d. Gradient as Three Point Fits
In the shock fitting scheme of Section k, V f depends on 1^-•) and (v-j (see U.3)-Equation (U-3') uses a two point difference as the approximation to the derivative. A three point fit was carried out for both V(r) and P(r) and the derivative evaluated at r = | determined.
These values were then substituted in (k.3) and the shock fitting scheme used this value of V.. This scheme functioned nicely on regular cycles; however, on the add mass point cycles the values of V, and V, would agree to only about 5 per cent. The pressure gradient used in the last mass point acceleration term was also determined by a three point fit of P(r)j i.e., (j\-) from the fit was used in Equation (3«7)-This too had no appreciable effect and did not help the poor convergence described above.
e. No Coupling in the Point Add Scheme
In this scheme the shock properties and the new point quantities
were not determined simultaneously. The new point quantities were determined after the shock fitting; however, the same methods outlined in After trying a number of these combinations, the method of Section 5 proved to be the best. In (7-1), the sound velocity was approximated by that of an ideal gas with 7 = 1.1+. The maximum stability number and its corresponding mass point number were stored each integration cycle and printed as so desired.
ENERGY CALCULATIONS
The total energy of the problem was calculated every integration cycle; however, the energy calculated on cycle n was the energy for cycle n-1, the reason being that the velocity is centered in time at n-2«
The kinetic energy of each mass point was computed as follows: Summing over all the elemental internal energies also gives the total internal energy; however, the ambient internal energy of the medium must first be subtracted.
(«r 1 -«ft ♦ E °8 -V5 ^oK«" 1 " 1 ) 3 -4 < 8 -
>
The total energy of the problem is then
Figures 13, Ik, and 15 show the total energy, the total internal energy, and the total kinetic energy, respectively, plotted as functions of the time. 
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The basic data sources for the table were References 2, 3, k, and 10. The temperature range is divided into three parts: low, intermediate, and high. Reference 2 was the source for values in the low temperature range (200°K -1900°K). As these data were in quite a different form from that desired, it was necessary to interpolate the data and rearrange it to conform with the above chosen tabular form. The comparison to Problem M is quite good, as the comparative figures indicate. The small differences in the comparative plots are due primarily to the differences in the equations of state used. Also, the method of adding new fluid elements contributes to some of this difference (see Figure 16 ). The number heading each adiabat in Figure 16 refers to the fluid element followed. Initially, since there are 16 fluid elements, the pressure-volume point heading the adiabats are identical; however, the pressure-volume points of the newly added points (17, etc.)
do not agree because of the difference in the adding schemes.
Since it would be extremely tedious to compute the energy of Problem M for each integration cycle, no comparative plot is made in 
